Introduction {#sec1-1}
============

Postoperative pain and its management are considered as a challenging issue for anesthesiologists. In spite of significant pharmacological advances in this field, evidence indicated that moderate and severe postoperative pain is reported in 80% and 31--37% of patients, respectively.\[[@ref1][@ref2][@ref3]\]

In addition to physical, cognitive, and emotional discomfort for the patients, inappropriate postoperative pain management is associated with consequences such as impaired wound healing and rehabilitation, delayed gastrointestinal motility, pulmonary complication, higher risk of thromboembolism due to immobilization, and myocardial ischemia.\[[@ref4][@ref5][@ref6][@ref7][@ref8]\] As a long-term effect, adequate and proper management of the pain could improve the quality of life of the patients.\[[@ref9]\]

Although different treatment protocols have been introduced and evaluated in this regard, appropriate pain control still not achieved. One of the treatment modalities is preemptive analgesia which is defined an "antinociceptive treatment that prevents the establishment of altered central processing of afferent input, which amplifies postoperative pain."\[[@ref10]\] Various pharmacologic agents have been studied as preemptive analgesia, and different results have been reported regarding their effectiveness for postoperative pain management.\[[@ref11]\]

Some of the agents including ketamine, paracetamol, and magnesium sulfate have received great attention due to their specific characteristics including utility, cost, effectiveness, and mechanism of action.\[[@ref12][@ref13][@ref14]\] Ketamine is an N-methyl d-aspartate (NMDA) receptor antagonist which has a role in neural modulation. Results of different studies were controversial some did not support its effectiveness in this field, whereas others reported that it could have a significant effect on decreasing postoperative pain as well as analgesic and opioid use in different surgeries.\[[@ref12][@ref15]\]

Magnesium sulfate is another drug, which mechanism of action is not clearly determined, but it is suggested that it could suppress the neuropathic pain pathway through calcium regulation and as an antagonist of NMDA receptors in central nervous system. There are not conclusive results regarding the effectiveness of magnesium sulfate for its analgesic effects.\[[@ref14][@ref16]\]

Paracetamol is another agent which has indicated potential in preemptive analgesia. It has great popularity due to its higher safety profile, lack of allergic potential, and less contraindication for a different disease. The effectiveness of both oral and intravenous (IV) paracetamol has been reported in many studies and recently, the utility of its IV form has been evaluated in some studies.\[[@ref13][@ref17]\]

Considering the importance of postoperative pain management and its consequences on its related secondary outcomes including nausea, vomiting, and operation-related complications; we aimed to compare the effectiveness of the mentioned three analgesic agents for postoperative pain relief and associated operative and nonoperative consequences in this trial.

Materials and Methods {#sec1-2}
=====================

This double-blinded randomized control trial was conducted from October 2015 to February 2016, in Alzahra and Kashani hospitals, affiliated to Isfahan University of Medical Sciences, in Isfahan, Iran. During this study, 120 American Society of Anesthesiologists (ASA) I and II patients aged 15--60 years, scheduled for elective lower extremity orthopedic surgery under general anesthesia were enrolled.

Protocol of the trial was approved by the Regional Ethics Committee of Isfahan University of Medical Sciences with a research project number of 394605.

Patients without any history of chronic pain, analgesic use before surgery, psychological problem or disease, addiction to any drugs or alcohol, and allergy were included in the study. Those with allergy to the drugs assigned for preemptive analgesia, using higher doses of opioid during surgery, underwent changes in the anesthesia plan, and diagnoses of addiction were excluded from the study.

The aims of the study and details of the methods of the study were explained for all selected patients. Written informed consent was obtained for each patient.

Details and methods of visual analog scale (VAS) and satisfaction scale were explained for all patients during preoperative anesthesia consultation.

Selected patients randomized into four groups for receiving IV ketamine (0.25 mg/kg), paracetamol (15 mg/kg), magnesium sulfate (7.5 mg/kg), and placebo, immediately after the induction of anesthesia.

Induction of general anesthesia was performed in all four studied groups according to the protocol of our center.

The anesthesia was induced with IV fentanyl 2 μg/kg, thiopental sodium (5 mg/kg), and atracurium (0.6 mg/kg). After intubation, anesthesia was maintained with nitrous oxide 50% in oxygen and isoflurane 1--1.5%. As an analgesic, IV morphine (0.1 mg/kg) was also administered to all patients.

Residual neuromuscular blockade was terminated using IV neostigmine 0.04 mg/kg and atropine 0.02 mg/kg at the end of surgery. After neuromuscular blockade reversal, all patients were transferred to the recovery room.

Vital signs, systolic and diastolic blood pressure, mean arterial pressure, and heart rate.

During the postoperative period, if the patients had pain with VAS \>3, pethidine (0.5 mg/kg) was administrated.

For patients with nausea or vomiting, metoclopramide (10 mg) was prescribed.

Duration of anesthesia, operation and recovery time (using modified Aldrete\'s scoring system), severity of pain (using VAS scoring system), time for the first request for analgesia at recovery, and opioid use at recovery were recorded for all patients.

Occurrence of any adverse effects including nausea, vomiting, and any other side effects associated with ketamine, magnesium sulfate, and paracetamol were recorded.

Postoperative pain scores (VAS), analgesic, and metoclopramide use and frequency of vomiting during the 6 h, 6--12 h, and 12--24 h after recovery in ketamine, paracetamol, magnesium sulfate, and control groups were recorded.

The frequency of different scores of satisfaction (excellent, good, moderate, and week) in the four studied groups was recorded over the 24 h postoperatively.

All mentioned recorded variables compared in the four studied groups.

In all steps of trial (preoperative, during operation, and postoperative time), the physicians and nursed were blinded. Allocation of the patients in the studied group was done by a physician who was not aware about the groups (labeled by A, B, C, and D). The nurse in recovery room who recorded the studied variables was not aware about the study and allocations.

Statistical analysis {#sec2-1}
--------------------

Collected data were analyzed using SPSS version 20 (SPSS Inc., Chicago, IL, USA). To compare qualitative and nominal variables between four studied groups Chi-square test was used. Mann--Whitney test and repeated measure ANOVA test were used for comparing variables with ordinal scale and quantitative variables, respectively.

Results {#sec1-3}
=======

In this trial, from 129 initially enrolled patients, 120 patients (ASA I--II) randomized in four groups (thirty patients in each group) \[[Figure 1](#F1){ref-type="fig"}\].

![Consort diagram of the study](ABR-6-134-g001){#F1}

Demographics characteristics and operative details of studied population in the four studied groups are presented in [Table 1](#T1){ref-type="table"}. All studied patients in the four studied groups were similar regarding their demographics characteristics and ASA score.

###### 

Demographics characteristics and operative details of studied population in ketamine, paracetamol, magnesium sulfate, and control groups

![](ABR-6-134-g002)

The mean heart rate of patients in control group was significantly lower than other groups during the 60 and 90 min after operation (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"}\].

Mean systolic blood pressure as significantly higher in ketamine group than other groups during the 60 and 90 min after operation (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"}\].

Mean diastolic blood pressure was significantly lower in control group than other groups during the 60 and 90 min after operation (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"}\].

Mean blood pressure was significantly lower in control group than other groups during the 60 and 90 min after operation (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"}\].

The mean duration of recovery was significantly lower in control and ketamine groups than other groups (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"}\].

The mean of pain score at the end of recovery was significantly lower in ketamine and paracetamol groups than other groups (*P* \< 0.05). Mean of pain score at the end of recovery was not different significantly in ketamine and paracetamol groups (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\].

Patients in ketamine group request opioid later than other groups (*P* \< 0.05), and mean dose of opioid use at the end of recovery was also significantly lower than other groups (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"}\].

Mean of postoperative pain (VAS), analgesic, and metoclopramide use and vomiting during the 6 h, 6--12 h, and 12--24 h after recovery in ketamine, paracetamol, magnesium sulfate, and control groups are presented in [Figure 2](#F2){ref-type="fig"}. Mean of vomiting frequency and metoclopramide use was not different between groups (*P* \> 0.05). Mean of postoperative pain using VAS system was significantly lower in ketamine group than others during 24 h after recovery (*P* \< 0.05). Mean of additive analgesic use (pethidine) was significantly lower in ketamine group during 12 h after recovery (*P* \< 0.05), but it was not significantly different during 12--24 h after recovery (*P* \> 0.05).

![Mean of postoperative pain (visual analog scale) (a), vomiting (b) analgesic (c) and metoclopramid use (d) during the 6 h, 6--12 h and 12--24 h after recovery in ketamine, paracetamol, magnesium sulfate and control groups](ABR-6-134-g003){#F2}

The frequency of different scores of patient\'s satisfaction (excellent, good, moderate, and week) in the four studied groups is presented in [Figure 3](#F3){ref-type="fig"}. Excellent and good satisfaction score were significantly higher in ketamine group than other groups (*P* = 0.04), but it was not significantly different between the reminder groups.

![Frequency of different scores of patients satisfaction (excellent, good, moderate, week),24 hours after recovery, in ketamine, paracetamol, magnesium sulfate and control groups](ABR-6-134-g004){#F3}

Discussion {#sec1-4}
==========

In this trial, we have evaluated the analgesic effect of three pharmacological agents including ketamine, paracetamol, and magnesium sulfate in comparison with control group in controlling postoperative pain, analgesic use, frequency of vomiting, and satisfaction score of patients underwent lower limb surgery using general anesthesia. Our results indicated that ketamine had a better analgesic effect than others both during and 24 h after surgery. In addition, the mean dose of administrated opioid and metoclopramide, mean of patients satisfaction score, frequency of vomiting, and duration of recovery were significantly lower in ketamine group.

Although several studies have been investigated the analgesic effect of the mentioned three agents in comparison with control group for postoperative pain relief,\[[@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] there was not any similar study which compared the efficacy of the three agents for postoperative pain management.

In literature review, there was review studies and meta-analysis for each of them which discussed about their utilities and limitations.

Paracetamol is a safe analgesic with good tolerance which is used commonly for reducing postoperative pain. After the introduction of its IV form, its use has become wider for both peri-and post-operative periods. Results of review studies on the effectiveness of IV paracetamol have indicated that it could relief or prevent postoperative pain and improve satisfaction score. It could decrease opioid use and opioid-related nausea and vomiting during and after operation. The advantages of acetaminophen are its fewer adverse events which are more significant when it is used IV possibly due to the lack of the first-pass effect.\[[@ref17][@ref18]\]

Sinatra *et al*. have investigated the effectiveness of single dose of 1 g IV acetaminophen for postoperative management of major orthopedic surgery.\[[@ref17]\]

Gregoire *et al*. have evaluated the efficacy of IV paracetamol with a 2-g starting dose and a 5 g dose during the first 24 h.\[[@ref18]\]

The dose which is used in this trial was similar to that administrated in the study of Sinatra *et al*.\[[@ref17]\]

Results of another study showed that paracetamol could be used mainly for surgeries with mild to moderate postoperative pain.\[[@ref19]\]

Many studies have investigated the effect of periopretive/preemptive administration of magnesium sulfate on postoperative pain of different surgeries. The results were different and inconsistent. Two review studies have systematically reviewed the studies and clinical trial which have investigated the outcome of magnesium sulfate use during different operations.\[[@ref16][@ref20]\] Albrecht *et al*. showed that irrespective to the mode of magnesium sulfate administration, it could decrease the use of opioid use, postoperative pain score during 24 h after various surgeries. They did not find any report regarding serious adverse effects of the agent.\[[@ref16]\] Results of a meta-analysis from different clinical trial of magnesium sulfate use for postoperative pain by De Oliveira *et al*. have also confirmed that it reduces both postoperative pain and opioid use in different surgical procedures using general anesthesia without any toxic effects.\[[@ref20]\]

There are also some recent regional studies which support the findings of the previous studies regrinding the effectiveness of magnesium sulfate for postoperative pain in different surgeries.\[[@ref21][@ref22][@ref23]\]

There are some systematic review, narrative review, and meta-analysis regarding the preemptive analgesic effect of ketamine. Almost all of the studies demonstrated that ketamine in a dosage ranging from 0.15 to 1 mg/kg, have positive effect on the reduction of postoperative pain, opioid consumption, and prolonging the time to first analgesic request.\[[@ref15][@ref24][@ref25][@ref26]\] The results of a meta-analysis performed by Yang *et al*. indicated that ketamine could decrease the postoperative use and delay the time of first analgesic use, but it had not significant effect on nausea and vomiting, operation, and anesthetic time.\[[@ref26]\] The results of another narrative review study confirmed the findings of the previous studies. In addition, they recommended that more randomized clinical trials is needed for the determination of the proper administration method of ketamine and type of surgeries which are best suited for ketamine analgesic effects. They also reported that ketamine could have some adverse effects including neurotoxicity and memory impairment.\[[@ref25]\]

There are also regional studies in Isfahan and Kashan in this field which showed different results.\[[@ref27][@ref28]\]

There was only one study which compared the effectiveness of ketamine and magnesium sulfate. Helmy *et al*. in Egypt have evaluated the preemptive analgesic effect of low-dose ketamine (0.3 mg/kg) and magnesium sulfate (30 mg/kg) on postoperative pain of patients undergoing cesarean section under general anesthesia in comparison with placebo group. They result indicated that ketamine had more favorable effects than magnesium sulfate. They showed that total opioid use was lower, and the time for the first request for postoperative analgesia was longer for ketamine group. Postoperative pain score by VAS was significantly lower in ketamine group than others at 2 and 6 h postoperatively. They concluded that preemptive analgesic effect of ketamine is more significant than magnesium sulfate.\[[@ref29]\]

In this study, ketamine has better analgesic effects at the end of recovery and 24 h after recovery and consequently, lower analgesic use than magnesium sulfate and paracetamol. Ketamine has increased patients' satisfaction score and prolonged the time for the first analgesic request.

There was not any significant different in mean of vomiting frequency and metoclopramide use between groups.

We have not any reports regarding side effects of the three analgesics during and postoperation.

The strength of this study was that we compare the effectiveness of the three most commonly used preemptive analgesics in our center. There was not any similar study. Our findings could help us for better management of postoperative pain and selection of the most proper analgesic in different surgical procedures.

The limitation of this trial was shorter duration of postoperative follow-up. It is suggested that evaluation of different long-term complications specially those related to postoperative pain would be more helpful for providing more effective postoperative pain control protocol.

Conclusions {#sec1-5}
===========

The findings of this trial indicated that ketamine has more superior effect for during recovery and postoperative pain controlling and analgesic use than paracetamol and magnesium sulfate. Patients were more satisfied in ketamine group, and the duration of recovery was shorter. It could also delay the time for the first analgesic request. It is recommended to design more trials for evaluation of different doses of ketamine as well as its long-term postoperative consequences and adverse effects for achieving more conclusive results in this field.
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